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upper structu.re (24). having ? top plate (32) and an 24\' 34
outer depending peripheral sidewall enclosure (34), a - —I2
lower structure (26) having a lower adapter plate (58) . 28~ 60
and an inner upstanding peripheral sidewall enclo- 58 : ;g
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within the outer sidewall enclosure (34). The outer i .

and inner sidewall enclosures (34,60) are slidably i ll (YRR

movable relative to one another as the top plate (32) mﬂmmmm )
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moves foward and away from the adapter plate (58). ! LLIniEl e
A plurality of resiliently-yieldable biasing devices | . '
(30), such as leaf springs extend between and en- ‘ | ‘ ! l
gage the top plate and lower adapter plate. Interen- - WAV
gagable structure (28) on the lower and upper edges A lI_II THUNEEINE 20
of the respective outer and inner sidewall enclosures Mmlm Hmmm[
limit movement of the top plate and lower adapter AL s
plate away from one another so as to retain the outer I
and inner sidewall enclosures in sliding contacting
relationship together. The leaf springs are movable
between compressed and expanded states in re-
sponse respectively to application and removal of a
hold-down force on the upper structure in the direc-
tion of the lower structure for permitting and causing
movement of the top plate toward and away from the

adapter plate and thereby the top nozzle subassem-
bly between compressed and expanded conditions.
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The present invention relates generally to fuel
assemblies for nuclear reactors and, more particu-
larly, is concerned with a double enclosure top
nozzle sub-assembly allowing improved utilization
of space for accommodating greater thermal
growth and burnup of fuel rods of the fuel assem-
bly.

In most nuclear reactors, the reactor core is
comprised of a large number of elongated fuel
assemblies which receive support and alignment
from upper and lower fransversely extending core
support plates. The upper and lower core support
plates are directly or indirectly attached to a sup-
port barrel which surrounds the entire core and
extends between the ends thereof.

Conventional designs of these fuel assemblies
include a plurality of fuel rods and control rod
guide thimbles held in an organized array by a
plurality of grids spaced along the fuel assembly
length and attached to the control rod guide thim-
bles. The guide thimbles extend slightly above and
below the ends of the fuel rods. Top and bottom
nozzles on opposite ends of the fuel assembly are
secured to the guide thimbles to thereby form an
integral fuel assembly.

The fuel assemblies are arranged vertically
resting on the lower core support plate. To facilitate
handling and installation, the fuel assemblies are
generally not secured to the upper and lower core
support plates.

Temperatures at various times within the core
may vary greatly, such as, from cold shutdown to
normal operating conditions. Also, different materi-
als exhibit different thermal growth characteristics.
Since the materials of fuel assembly components
are generally different than those used in the core
support barrel and undergo greater thermal expan-
sion, the resulting increase in length of the fuel
assembilies in the axial or vertical direction must be
accommodated. For this reason also, the fuel as-
semblies are not usually attached to the upper and
lower core plates but rather are supported in a
manner which permits some relative motion there-
between.

The axial thermal expansion differential be-
tween the fuel assemblies and the core support
barrel has been accommodated by insuring that
the axial spacing between the upper and lower
core support plates is somewhat greater than the
axial length of the fuel assemblies. Normally, this is
accomplished by providing an axial gap between
the top of the fuel assemblies and the upper core
support plate. However, the presence of the gap
can result in upward lifting of the fuel assemblies
due to the hydraulic forces produced on the fuel
assemblies in the upward direction by coolant flow.
Thus, fuel assemblies have also employed hold-
down devices with the top nozzles to prevent the
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force of upward coolant flow from lifting the fuel
assemblies into damaging contact with the upper
core support plate, while at the same time allowing
for changes in fuel assembly length due to core-
induced thermal expansion and the like.

As mentioned previously, the guide thimbles of
fuel assemblies extend slightly above and below
the ends of the fuel rods. Thus, the top and bottom
nozzles of fuel assemblies secured at the opposite
ends of the guide thimbles likewise are spaced
above and below the fuel rod ends. This space
between the opposite ends of the fuel rods and
adjacent portions of the top and bottom nozzles
accommodates increase in length of the fuel rods
due to thermal growth as fuel rod burnup occurs
during normal reactor operation.

With improvements in various aspecis of fuel
assembly design, it has become feasible to in-
crease the allowable burnup of the fuel rods. This
increase in burnup is desirable because it de-
creases the frequency of plant shutdowns and the
buildup of spent fuel. However, to permit the fuel
rods to operate to a higher burnup, an increase of
approximately 1.27 cm (0.5 inch) minimum in fuel
rod length is necessary due fo extra thermal
growth. This necessitates an increase in the space
between the adapter plates of the top and bottom
nozzles to accommodate this additional fuel rod
growth. At the same time, there still must be
enough space between the top plate and adapter
plate of the top nozzle to allow the handling equip-
ment of the core to get between the plates and
latch onto the underside of the top plate of the top
nozzle.

Heretofore, there has not been enough room
between the adapter plates of the top and bottom
nozzles to permit the 1.27 cm (0.5 inch) growth in
fuel rod length. A proposed solution to this problem
is the expandable top nozzle subassembly of the
above cross-referenced application. This proposed
design provides an extension of fuel assembly
length sufficient to enable the fuel assembly to
accommodate fuel rod growth in excess of one
inch, allowing a reactor to operate at a higher
burnup rate. Also, where extremely high burnups
are not required, the mechanical duty of the fuel
rods can be reduced significantly.

The proposed expandable top nozzle subas-
sembly design of the cross-referenced application
makes use of "dead space" already existing in the
conventional top nozzle between its top plate and
bottom adapter plate. This space is characterized
as "dead" since it is only used during installation
and removal of the fuel assembly and not during
operation of the core. The expandable (and com-
pressible) top nozzle subassembly of the cross-
referenced application thus provides for the addi-
tional fuel rod growth space needed, while continu-



3 EP 0 524 491 A1 4

ing to allow the use of current handling systems
and thus eliminating potential costs to customers in
design changes.

Basically, the expandable top nozzle subas-
sembly of the cross-referenced application includes
a lower adapter plate, and an upper structure hav-
ing a top plate and a sidewall enclosure rigidly
connected to and depending from an outer periph-
eral edge of the top plate. The lower adapter plate
is disposed below the top plate of the upper struc-
ture and within the sidewall enclosure thereof. The
lower adapter plate and sidewall enclosure are
slidably movable relative to one another so as to
move the top plate away from and toward the lower
adapter plate between expanded and compressed
positions of the top nozzle subassembly.

When the expandable top nozzle subassembly
is in the compressed position, the lower peripheral
edge of the sidewall enclosure is disposed below
the lower adapter plate and near the upper ends of
the outermost ones of the fuel rods. The close
proximity of the lower peripheral edge of the
sidewall enclosure to the fuel rods has raised con-
cern that contact will occur between them upon
their vibration during reactor operation and result in
fretting of the claddings of the fuel rods.

Consequently, a need still remains for an alter-
native design of a top nozzle that will accom-
modate extra fuel rod thermal growth while avoid-
ing contact with the fuel rods and without impairing
the handling capability of the core equipment cur-
rently in use.

The present invention provides a double enclo-
sure fop nozzle subassembly designed to satisfy
the aforementioned needs. The double enclosure
top nozzle subassembly of the present invention
enables a fuel assembly to accommodate fuel rod
growth in excess of one inch, allowing a reactor fo
operate at a higher burnup rate, by making use of
"dead space" existing in the conventional top noz-
zle between its top plate and bottom adapter plate,
as in the case of the expandable top nozzle sub-
assembly of the cross-referenced application, while
eliminating the potential problems of tube fretting
associated therewith. In addition, leaf springs can
be used instead of coil springs to eliminate con-
cerns with respect to the potential problem of
spring breakage.

Accordingly, the present invention is directed
to a double enclosure top nozzle subassembly for
a nuclear fuel assembly which permits increased
fuel rod thermal growth and burnup. The double
enclosure top nozzle subassembly comprises: (a)
an upper structure including a top plate and an
outer sidewall enclosure rigidly connected to and
depending from an outer peripheral edge of the top
plate; (b) a lower structure including a lower adapt-
er plate and an inner sidewall enclosure rigidly
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connected to and upstanding from an outer periph-
eral edge of the lower plate, the lower adapter plate
being disposed below the top plate and the inner
sidewall enclosure being disposed within the outer
sidewall enclosure, the inner and outer sidewall
enclosures being movable in a sliding contacting
relationship relative to one another as the top plate
is moved toward and away from the lower adapter
plate; (c) interengaging means on the respective
upper and lower peripheral edges of the inner and
outer sidewall enclosures for defining stops which
limit the movement of the top plate and lower
adapter plate away from each other so as to retain
the outer and inner sidewall enclosures in the slid-
ing contacting relationship with one another; and
(d) a plurality of resiliently-yieldable biasing de-
vices disposed within the inner and outer sidewall
enclosures and extending between and engaging
the top plate and the lower adapter plate, the
devices being movable between compressed and
expanded states in response respectively to ap-
plication and removal of a hold-down force on the
upper structure in the direction of the lower struc-
ture for respectively permitting and causing move-
ment of the inner and outer sidewall enclosures
relative to one another so as to move the top plate
toward and away from the lower adapter plate and
thereby the top nozzle subassembly between com-
pressed and expanded conditions. Preferably, the
top plate of the upper structure and the lower
adapter plate of the lower structure are generally
rectangular in configuration having four sides defin-
ing four corners.

More particularly, the top plate of the upper
structure includes an annular body and the outer
peripheral edge of the top plate is defined by a rim
projecting outwardly from an upper peripheral edge
of the annular body so as to define an annular
cavity surrounding the annular body for receiving
an upper peripheral edge of the outer sidewall
enclosure. A plurality of indentations are defined
along the periphery and underside of the annular
body in spaced relation to one another. The in-
dentations face outwardly of the body and down-
wardly therefrom. The portions of the body be-
tween the indentations form downwardly protruding
tabs along the periphery of the body for attaching
the top plate to the upper peripheral edge of the
outer sidewall enclosure when received below the
fop plate rim by pins inserted through the upper
peripheral edge of the outer sidewall enclosure and
the tabs of the top plate.

Further, the inner sidewall enclosure of the
lower structure has a plurality of upper edge por-
tions spaced apart by notches being defined be-
tween them. The upper edge portions and the
notches are capable of mating respectively with the
spaced indentations and tabs in the top plate when
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the top nozzle subassembly is in the compressed
condition.

Preferably, the biasing devices are a plurality
of leaf springs movable between expanded and
compressed states. Each leaf spring is disposed
between the top plate and lower adapter plate.
Each leaf spring has a generally U-shaped configu-
ration and is composed of a lower bight portion and
a pair of upper end portions. Each leaf spring is
seated at its lower bight portion within a depression
formed in the topside of the lower adapter plate
along each of the sides and midway between the
corners thereof and seated at its opposite upper
end portions within a pair of guide grooves defined
in the underside of the top plate along each of the
sides and adjacent the corners thereof.

In the course of the following detailed descrip-
tion, reference will be made to the attached draw-
ings in which:

Fig. 1 is a partially sectioned elevational view,
with parts being broken away for clarity, of a fuel
assembly having a double enclosure top nozzle
subassembly in accordance with the principles of
the present invention.

Fig. 2 is an enlarged top plan view of the fuel
assembly as seen along line 2--2 of Fig. 1.

Fig. 3 is a top plan view of a top plate of an
upper structure of the double enclosure top nozzle
subassembly of Fig. 2.

Fig. 4 is a sectional view of the top plate as
taken along line 4--4 of Fig. 3.

Fig. 5 is another sectional view of the top plate
as taken along line 5--5 of Fig. 3.

Fig. 6 is a bottom plan view of the top plate of
the upper structure of the double enclosure top
nozzle subassembly.

Fig. 7 is a side elevational view of the top plate
as seen along line 7--7 of Fig. 6.

Fig. 8 is a sectional view of the top plate as
taken along line 8--8 of Fig. 6.

Fig. 9 is a top plan view of an outer sidewall
enclosure of the upper structure of the double
enclosure top nozzle subassembly of Fig. 2.

Fig. 10 is a sectional view of the outer enclo-
sure as taken along line 10--10 of Fig. 9.

Fig. 11 is an enlarged fragmentary sectional
view of the lower right portion of the outer enclo-
sure as shown in Fig. 10.

Fig. 12 is a top plan view of an inner side wall
enclosure and lower adapter plate of a lower struc-
ture of the double enclosure top nozzle subassem-
bly of Fig. 2.

Fig. 13 is a sectional view of the inner enclo-
sure as taken along line 13--13 of Fig. 12.

Fig. 14 is an enlarged fragmentary sectional
view of the upper left portion of the inner enclosure
as shown in Fig. 13.

Fig. 15 is a view similar to that of Fig. 12 but
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showing the lower adapter plate with the guide
thimble and instrumentation tube mounting holes
and the coolant flow holes formed in the lower
adapter plate.

Fig. 16 is a sectional view of the double enclo-
sure top nozzle subassembly after the leaf springs
have been installed in the telescoping outer and
inner enclosures but before the top plate is applied
o the outer enclosure.

Fig. 17 is a sectional view of the double enclo-
sure top nozzle subassembly after the top plate
has been installed to the upper peripheral edge of
the outer enclosure and illustrating the top nozzle
subassembly disposed in an expanded condition.

Fig. 18 is a sectional view of the double enclo-
sure top nozzle subassembly disposed in a com-
pressed condition.

Fig. 19 is an enlarged fragmentary sectional
view of the top nozzle subassembly after installa-
tion of the top plate on the upper peripheral edge
of the outer enclosure but before attachment there-
to.

Fig. 20 is an enlarged fragmentary sectional
view of the top nozzle subassembly after drilling of
a hole part of the way through the top plate periph-
ery in alignment with the hole in the outer enclo-
sure.

Fig. 21 is an enlarged fragmentary sectional
view of the top nozzle subassembly after drilling of
a hole completely through the top plate periphery
in alignment with the hole in the outer enclosure.

Fig. 22 is an enlarged fragmentary sectional
view of the top nozzle subassembly after installa-
tion of the attachment pin through the aligned holes
of the top plate periphery and outer enclosure.

Referring now to the drawings, and particularly
to Fig. 1, there is shown a fuel assembly, generally
designated by the numeral 10, having a double
enclosure top nozzle subassembly 12 constructed
in accordance with the principles of the present
invention. In addition to the top nozzle subassem-
bly 12, the fuel assembly 10 basically includes a
bottom nozzle 14 for supporting the fuel assembly
on the lower core support plate (not shown) in the
core region of a nuclear reactor (not shown) and a
number of longitudinally extending control rod
guide tubes or thimbles 16 projecting upwardly
from the bottom nozzle 14 and attached at their
upper and lower ends to the top nozzle subassem-
bly 12 and bottom nozzle 14. Further, an organized
array of fuel rods 18 are held in spaced relation-
ship to one another by a number of transverse
grids 20 spaced along the fuel assembly length
and attached to the guide thimbles 16. An in-
strumentation tube 22 is located at the center of
the fuel assembly 10. The top nozzle subassembly
12, bottom nozzle 14 and guide thimbles 16 to-
gether form an integral assembly capable of being
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conventionally handled without damaging the as-
sembly parts.

Referring to Figs. 1 and 2, the double enclo-
sure top nozzle subassembly 12 of the present
invention has a construction which permits im-
proved utilization of space for accommodating
greater thermal growth of fuel rods 18 of the fuel
assembly 10 and higher fuel rod burnup. At the
same time, the top nozzle subassembly 12 contin-
ues to allow the use of a conventional handling
system for installing and removing the fuel assem-
bly 10 in and from the reactor core. Basically, the
top nozzle subassembly 12 includes an upper
structure 24, a lower structure 26, interengaging
means 28 on the lower and upper peripheral edges
of the respective upper and lower structures 24, 26,
and a plurality of resiliently-yieldable biasing de-
vices 30 disposed between the upper and lower
structures 24, 26.

As shown alone and in greater detail in Figs. 3-
11, the upper structure 24 of the top nozzle sub-
assembly 12 is composed of a top plate 32 and an
outer sidewall enclosure 34 rigidly connected fo
and depending from the top plate 34. Referring fo
Figs. 3-8, the top plate 32 is generally rectangular
in configuration having four sides 32A defining four
corners 32B. The top plate 32 includes an annular
body 36 and an annular rim 38 integrally attached
to and projecting outwardly from an upper outer
peripheral edge of the body 36. The body 36 has
an inner peripheral edge defining a large central
opening 40. Two diagonal ones of the corner 32B
of the top plate body 36 each has a hole 42
defined therethrough which permit insertion of
components of the fuel assembly handling system
(not shown) for engaging the underside surface
32C of the top plate 32 in order to lift the fuel
assembly 10 in installing and removing it from the
core. One of the other corners 32B has a hole 44
which provides a reference for properly orientating
the fuel assembly 10 in the core.

The annular rim 38 on the body 36 of the top
plate 32 defines an annular cavity 46 surrounding
the annular body 36 below an outer peripheral
edge of the top plate 32 defined by the rim 38. The
annular cavity 46 receives an upper peripheral
edge portion 34A of outer sidewall enclosure 34.
The top plate 32 also has a plurality of indentations
48 defined in spaced relation from one another
along the periphery and underside surface 32C of
the annular body 36 of the top plate 32. The
indentations 48 face outwardly and downwardly of
the annular body 36. Portions of the annular body
36 between the indentations 48 form downwardly
protruding tabs 50 along the periphery of the body
36 for attaching the upper peripheral edge 34A of
the outer sidewall enclosure 34 to the top plate 32.
Referring to Figs. 9 and 10, the outer sidewall
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enclosure 34 of the upper structure 24 is com-
posed of four generally planar vertical wall portions
34B rigidly interconnected together at their op-
posite vertical edges to define the outer enclosure
34 in a generally square box-like configuration. As
shown in Figs. 19-22, a series of aligned holes 52,
54 are formed in the annular body 36 below the rim
38 and in the upper peripheral edge portion 34A of
the outer sidewall enclosure 34. Pins 56 are in-
serted through the aligned holes 52, 54 for secur-
ing the outer sidewall enclosure 34 and the annular
body 36 together. The holes 52 in the annular body
36 can either extend partially into the body 36 as
shown in Fig. 20 and complete through the body
36 as shown in Fig. 21.

As shown alone and in greater detail in Figs.
12-15, the lower structure 26 of the top nozzle
subassembly 12 is composed of a lower adapter
plate 58 and an inner sidewall enclosure 60 rigidly
connected to and upstanding from the lower adapt-
er plate 58. Referring to Fig. 15, the lower adapter
plate 58 is generally rectangular in configuration
having four sides 58A defining four corners 58B.
The lower adapter plate 58 is formed of a plurality
of cross-laced ligaments or bars 62 defining a
plurality of coolant flow openings 64 of oblong
shapes. Also, a plurality of circular through holes
66 corresponding in number and pattern to that of
the guide thimbles 16 are provided through the
adapter plate 58. The through holes 66 are of
sufficient dimensional size to permit the adapter
plate 58 to be installed over the upper ends of the
guide thimbles 16.

Referring to Figs. 12 and 13, the inner sidewall
enclosure 60 of the lower structure 26 is composed
of four generally planar vertical wall portions 60A
rigidly interconnected together at their opposite
vertical edges to define the inner enclosure 60 in a
generally square box-like configuration and integ-
rally connected at their lower edges to the periph-
ery of the lower adapter plate 58. The inner
sidewall enclosure 60 has a plurality of upper edge
portions 60B spaced apart by notches 68 defined
between the upper edge portions 60B. The al-
ternating upper edge portions 60B and the notches
68 of the inner sidewall enclosure 60 of the lower
structure 26 are capable of mating respectively
with the alternating indentations 48 and tabs 50 of
the annular body 36 of the top plate 32 of the
upper structure 24 when the top nozzle subassem-
bly 12 is in the compressed condition, as depicted
in Fig. 18. Thus, the lower adapter plate 58 of the
lower structure 26 is disposed below the top plate
32 of the upper structure 24 with the inner sidewall
enclosure 60 being disposed within the outer
sidewall enclosure 34. Further, the inner and outer
sidewall enclosures 60, 34 are movable in sliding
contacting relationship relative to one another so as



9 EP 0 524 491 A1 10

to permit movement of the top plate 32 toward and
away from the lower adapter plate 58 and thereby
the top nozzle subassembly 12 between com-
pressed condition of Fig. 18 and the expanded
condition of Fig. 17.

Referring to Figs. 1, 9-14 and 16-22, the in-
terengaging means 28 on respective upper and
lower peripheral edge portions 60B, 34A of the
inner and outer sidewall enclosures 60, 34 define
stops which limit the movement of the top plate 32
and lower adapter plate 58 away from each other
so as fo retfain the outer and inner sidewall enclo-
sures 34, 60 in the sliding contacting relationship
with one another. In addition, the interengaging
means 28 define sliding contact surfaces between
the outer and inner sidewall enclosures 34, 60.

The interengaging means 28 on the respective
upper and lower structures 24, 26 include an
inwardly-projecting continuous annular flange 70 on
the lower peripheral edge of the outer sidewall
enclosure 34, and an outwardly-projecting inter-
rupted annular flange 72 on the upper edge portion
of the inner sidewall enclosure 60. The inwardly-
projecting flange 70 defines a contact surface 70A
engaged with an exterior surface 60C of the inner
sidewall enclosure 60. The outwardly-projecting
flange 72 defines a contact surface 72A engaged
with an interior surface 34C of the outer sidewall
enclosure 34. As seen in Figs. 1, 16, 17 and 19-22,
the flanges 70, 72 provide the stops by overlapping
with one another so as to prevent the outer and
inner enclosures 34, 60 from pulling apart.

Referring to Figs. 1 and 16-18, there is illus-
trated the resiliently-yieldable biasing devices 30
disposed within the outer and inner sidewall enclo-
sures 34, 60 and extending between and engaging
the top plate 32 and the lower adapter plate 58.
The devices 30 are composed of resiliently and
yieldable flexible material, such as a metal ma-
terial, and are movable between compressed and
expanded states, as shown in Figs. 17 and 16, in
response respectively to application and removal of
a hold-down force on the upper structure 24 in the
direction of the lower structure 26 for respectively
permitting and causing movement of the top nozzle
subassembly 12 between compressed and expand-
ed conditions.

More particularly, preferably the biasing de-
vices 30 are a plurality of leaf springs 74 arranged
in separate stacks thereof and disposed between
the top plate 32 and the lower adapter plate 58 and
flexible between expanded and compressed states.
The lower adapter plate 58 has a depression 76
formed in a topside surface 58C of the lower adapt-
er plate along each of the sides 58A and approxi-
mately midway between the corners 58B thereof.
The top plate 32 has a pair of elongated guide
grooves 78 defined in the underside surface 32C of
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the top plate 32 along each of the sides 32A and
adjacent the corners 32B thereof. The leaf springs
74 each has a generally U-shaped configuration
composed of a lower bight portion 74A and upper
end portions 74B connected to and extending up-
wardly from the lower bight portion 74A. Each leaf
spring 74 is seated at the lower bight portion 74A
within one of the depressions 76 of the lower
adapter plate 58 and at the opposite upper end
portions 74B within the guide grooves 78 of the top
plate 32.

It should be realized, however, that other forms
of the biasing devices 30 can be used, such as
elongated coil springs. The coil springs would be
mounted between the top plate 32 and the lower
adapter plate 58 in the same way as illustrated and
described in the patent application cross-referen-
ced above, the disclosure of which is incorporated
herein by reference.

Figs. 16 and 17 depict successive stages in
the assembly of the double enclosure top nozzle
subassembly 12. Fig. 16 shows the top nozzle
subassembly 12 after the leaf springs 74 have
been installed in the telescoping outer and inner
enclosures 34, 60, but before the top plate 32 is
applied and secured to the outer enclosure 34. Fig.
17 shows the top nozzle subassembly 12 after the
top plate 32 and pins 56 has been installed to
secure the top plate to the upper peripheral edge
portion 34A of the outer enclosure 34. Figs. 19-21
depict successive stages in the installation and
securement of the top plate 32 and pins 56 to the
upper peripheral edge portion 34A of the outer
enclosure 34.

In summary, Fig. 17 shows the top nozzle
subassembly 12 in an expanded condition, where-
as Fig. 18 shows it in a compressed condition. In
both conditions of the top nozzle subassembly 12,
the lower adapter plate 58 is stationarily secured in
the same position on the upper ends of the guide
thimbles 16 in a conventional manner by locking
tubes 80. By way of example, the lower adapter
plate 58 is disposed approximately 2.54 cm to 3.8
cm (1 inch to 1.5 inches) higher above the upper
ends of the fuel rods 18 than is a conventional
adapter plate heretofore. Also, the inner sidewall
enclosure 58 is slidably movably mounted within
the interior of the outer sidewall enclosure 34. The
overlapping flanges 70, 72 provide stops which
prevent separation of the upper structure 24 from
the lower structure 26.

To place the top nozzle subassembly 12 in the
expanded condition seen in Fig. 17, the upper core
support plate (not shown) is removed from impos-
ing a downward bearing contact force upon the top
plate 32 of the upper structure 24 of the top nozzle
subassembly. The leaf springs 74 are thus allowed
to assume their unflexed, or expanded, states in
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which they force the upper structure 24 away from
the lower structure 26 to the limit defined by en-
gagement between the flanges 70, 72. The lower
adapter plate 58 and top plate 32 are now spaced
their maximum distance apart and provide suffi-
cient space between them for insertion of the com-
ponents of the fuel assembly handling system
through the corner holes 42 in the top plate 32.

To place the top nozzle subassembly 12 in the
compressed condition seen in Fig. 18, the upper
core support plate is installed upon the top plate 32
of the upper structure 24 of the top nozzle sub-
assembly so as to reimpose the downward bearing
contact force thereon. The top plate 32 is thus
moved downward toward the lower adapter plate
58 forcing the leaf springs 60 to their flexed, or
compressed, states and slidably moving the outer
sidewall enclosure 34 downwardly along and rela-
tive to the inner sidewall enclosure 60 and moving
the flanges 70, 72 away from one another. The
space between the top plate 32 and the adapter
plate 58 is now reduced below that needed for
insertion of the components of the fuel assembly
handling system. This does not matter since the
fuel assembly is never handled by the system
while it is in the core with the upper core support
plate placed on the top nozzle subassembly. Thus,
the exira or "dead" space previously existing be-
tween the top plate 32 and adapter plate 58 has
now been eliminated and is instead now being
utilized by the higher mounting position of the
adapter plate 58 on the guide thimbles 16 permit-
ting greater distance between the adapter plate 58
and upper ends of the fuel rods 18 for increased
thermal growth and greater burnup of the fuel rods
in the core. Later when the fuel assembly 10 is fo
be handled, the upper core plate is removed and
the leaf springs 74 moves the upper structure 24
upward to its position in Fig. 17 returning the top
plate 32 and adapter plate 58 to their maximum
spacing for providing the necessary space there-
between for the fuel assembly handling system
components.

The lower peripheral edge portion of the upper
structure 24 does not move downwardly past the
lower adapter plate 58 and so any possible fretting
of the fuel rods 18 is eliminated. The central open-
ing 40 of the top plate 32 accommodates passage
of control rods (not shown) into the guide thimbles
16 in a conventional manner. The leaf springs 74
tfransmit the necessary hold-down force from the
upper core plate directly to the adapter plate 58. It
will be noted also that the telescoping outer and
inner sidewall enclosures 34, 60 of the upper and
lower structures 24, 26 completely enclose the leaf
springs 74 in both expanded and compressed con-
ditions of the top nozzle subassembly 12, thus
protecting and shielding the springs from imposi-
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tion of lateral forces thereon by coolant flow.
Claims

1. A double enclosure top nozzle subassembly
(12) for a nuclear fuel assembly (10), said top
nozzle subassembly (12) comprising:

(a) an upper structure (24) including a top
plate (32) and an outer sidewall enclosure
(34) rigidly connected to and depending
from an outer peripheral edge of said top
plate (32);

(b) a lower structure (26) including a lower
adapter plate (58) and an inner sidewall
enclosure (60) rigidly connected to and up-
standing from an outer peripheral edge of
said lower plate (58), said lower adapter
plate (68) being disposed below said top
plate (32), said inner sidewall enclosure (60)
being disposed within said outer sidewall
enclosure (34), said inner and outer sidewall
enclosures (60,34) being movable in sliding
contacting relationship relative to one an-
other so as to permit movement of said top
plate (32) toward and away from said lower
adapter plate (58);

(c) interengaging means (28) on respective
upper and lower peripheral edges of said
inner and outer sidewall enclosures (60,34)
for defining stops which limit the movement
of said top plate (32) and lower adapter
plate (68) away from each other so as to
retain said outer and inner sidewall enclo-
sures (34,60) in said sliding contacting rela-
tionship with one another; and

(d) a plurality of resiliently-yieldable biasing
devices (30) disposed within said inner and
outer sidewall enclosures (60,34) and ex-
tending between and engaging said top
plate (32) and said lower adapter plate (58),
said devices (30) being movable between
compressed and expanded states in re-
sponse respectively to application and re-
moval of a hold-down force on said upper
structure (24) in the direction of said lower
structure (26) for respectively permitting
and causing movement of said inner and
outer sidewall enclosures (60,34) relative to
one another and said top plate (32) toward
and away from said lower adapter plate (58)
and thereby said top nozzle subassembly
(12) between compressed and expanded
conditions.

2. The top nozzle subassembly (12) as recited in
Claim 1, wherein said interengaging means
(28) on said respective upper and lower pe-
ripheral edges of said inner and outer sidewall
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enclosures (60,34) define sliding contact sur-
faces between said inner and outer sidewall
enclosures (60,34).

The top nozzle subassembly (12) as recited in
Claim 2, wherein said interengaging means
(28) includes:

an inwardly-projecting flange (70) on said
lower edge of the outer sidewall enclosure (34)
defining a contact surface engaged with an
exterior surface (60C) of said inner sidewall
enclosure (60); and

an outwardly-projecting flange (72) on said
upper edge of said inner sidewall enclosure
(60) defining a contact surface engaged with
an interior surface (34C) of said outer sidewall
enclosure (34), said flanges (70,72) overlap-
ping with one another to define said stops.

The top nozzle subassembly (12) as recited in
Claim 1, wherein said top plate (32) of said
upper structure (24) includes an annular body
(36).

The top nozzle subassembly (12) as recited in
Claim 4, where said outer peripheral edge of
said top plate (32) is defined by a rim (38)
projecting outwardly from an upper peripheral
edge of said annular body (36) so as to define
an annular cavity (46) surrounding said annular
body (36) for receiving an upper peripheral
edge of said outer sidewall enclosure (34).

The top nozzle subassembly (12) as recited in
Claim 4, wherein said top plate (32) includes a
plurality of indentations (48) defined along the
periphery and underside of said annular body
(36) in spaced relation to one another, said
indentations (48) facing outwardly of said body
(36) and downwardly therefrom, the portions of
said annular body (36) between said indenta-
tions (48) forming downwardly protruding tabs
(50) along the periphery of said body (36) for
attaching said top plate (32) to an upper pe-
ripheral edge of said outer sidewall enclosure
(34).

The top nozzle subassembly (12) as recited in
Claim 6, wherein said top plate (32) further
includes a plurality of pins (56) inserted
through said upper peripheral edge of said
outer sidewall enclosure (34) and said tabs
(50) of said annular body (36) for securing said
outer sidewall enclosure (34) and said annular
body (36) together.

The top nozzle subassembly (12) as recited in
Claim 6, wherein said inner sidewall enclosure
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10.

11.

12,

14

(60) of said lower structure (26) has a plurality
of upper edge portions (60B) spaced apart by
notches (68) defined between said upper edge
portions (60B), said upper edge portions (60B)
and said notches (68) being capable of mating
respectively with said spaced indentations
(48) and tabs (50) in said annular body (36) of
said top plate (32) of said upper structure (24)
when said top nozzle subassembly (12) is in
said compressed condition.

The top nozzle subassembly (12) as recited in
Claim 1, wherein said top plate (32) of said
upper structure (24) and said lower adapter
plate (58) of said lower structure (26) are gen-
erally rectangular in configuration having four
sides (58A) defining four corners (58B).

The top nozzle subassembly (12) as recited in
Claim 9, wherein said biasing devices (30) are
a plurality of leaf springs (74) disposed be-
tween said top plate (32) and said lower adapt-
er plate (58) and movable between expanded
and compressed states.

The top nozzle subassembly (12) as recited in
Claim 10, wherein:

said lower adapter plate (58) has a depres-
sion (76) formed in a topside (58C) of said
lower adapter plate (58) along each of said
sides (58A) and approximately midway be-
tween said corners (58B) thereof;

said top plate (32) has a pair of guide
grooves (78) defined in the underside (32C) of
said top plate (32) along each side (32A) and
adjacent said corners (32B) thereof; and

each of said leaf springs (74) has a gen-
erally U-shaped configuration composed of a
lower bight portion (74A) and upper end por-
tions (74B) connected to and extending upwar-
dly from said lower bight portion (74A), said
leaf spring (74) being seated at said lower
bight portion (74A) within one of said depres-
sions (76) of said lower adapter plate (58) and
at said opposite upper end portions (74B) with-
in said guide grooves (78) of said top plate
(32).

The top nozzle subassembly (12) as recited in
Claim 1, wherein each of said outer and inner
sidewall enclosures (34,60) of said upper and
lower structures (24,26) is composed of gen-
erally planar pairs of vertical wall portions
34B,60A) rigidly interconnected together at
their opposite vertical edges.
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